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[57] ABSTRACT 

An over-the-wire balloon dilatation catheter of the short 
guide wire lumen type has a stainless steel hypotube catheter 
shaft section, a distal plastic shaft section attached to the 
hypotube and a balloon connected to the distal plastic shaft 
section. A relatively short guide wire lumen extends 
throughout the length of the balloon. The distal shaft section 
includes a reinforcing and kink-resistant transition member 
extending throughout the length of the distal shaft section. 
The transition member allows the proximal guide wire 
lumen aperture to be placed distally from the distal end of 
the hypotube. This configuration permits the length of the 
guide wire lumen to be minimized. 

4 Claims, 2 Drawing Sheets 
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INTRAVASCULAR CATHETER WITH wire" catheters. An over-the-wire catheter is one in which a 

DISTAL GUIDE WIRE LUMEN AND separate guide wire lumen is provided in the catheter so that 

TRANSITION a guide wire can be used to establish the path through the 

cm ATcn a ddi xr atthmc stenoses. The dilatation catheter can then be advanced over 

KfcLAl fcD lUNfc $ ^ ^ ^ ^ baUooQ Qn ^ catheter fe pos i tioned 

This application is a continuation of application Ser. No. within the stenosis. 

08/710,966, filed Sep. 24, 1996, now, U.S. Pat. No. 5,720, 1q some 0 ver-the-wire catheters, the guide wire lumen 

724, which in turn is a continuation of application Ser. No. does not extcnd thc cntire lcDgth of ^ cathctcr In this typc 

08/439,959, filed May 12, 1995, now U.S. Pat. No. 5,658, of cathctcf> the guidc ^ lumen cxtcnds only from thc 

251 which is a continuation of application Ser. No. 08/197, 10 distaJ cnd of thc balloon t0 a im proximal of thc ballooo 

169, filed Feb. 16, 1994, now U.S. Pat. No. 5,425,711, which bm distal of thc proximal cnd of thc catheter 

is a continuation of application Ser. No. 07/833,099, filed _ . . . . , 4 ,, , . ,, 

j-i i * s\ iftfvl l a j • • t • t - It is sometimes desirable to use a smaller or larger balloon 

Feb. 10, 1992 now abandoned which is a continuation-in- . t . . . „ . . f . . b . , 

c vr mnninm ^ xr n mm man that mitiafly used. The catheter is preferably exchanged 

part of application Ser. No. 07/796,901, filed Nov. 22, 1991 . . . J . . . A * u -a % 

F ,. . .™ . . f ,. /. e KT n-j/.o^nn by leaving the guide wire in place and using it as a guide, for 

which is a continuation of application Ser. No. 07/433,711, 15 A / . e fi , JT . , , . r . 

C1 ... n inon . *T , . . # . 13 the next catheter. It is said that shortened guide wire lumen 

filed Nov. 13, 1989 now abandoned, which is a continuation- 4 4l _ . . . . 6 . . . 

. - ,. c vt m/ u 0 nrvi fii^ 00 type catheters are easier to exchange than catheters having 

in-part of application Ser. No. 07/162,004, filed Feb. 29, 1 * • 1 ^ a- Tu 1 *u r *u 

inoo - j tic d ♦ a n7i Wo -a r M me guute lumen extendmg the entire length of the 

1988, now issued as U.S. Pat. No. 4,943,278; said apphca- , & & to 

tion Ser. No. 07/833,099, filed Feb. 10, 1992 is a „?,T , » , J tJ . , 

continuation-in-part of application Ser. No. 07/574,265, 20 Whde several structores for shortened guide wire lumen 

filed Aug. 28, 1990, now issued as U.S. Pat. No. 5,156,594. dilatation catheters have been proposed, these structures 

suffer from several disadvantages. For example, some cath- 

BACKGROUND OF THE INVENTION eters have relatively flexible one-piece plastic design. 

The present invention relates to an intravascular catheter. Because the distal end of the guide wire exits the catheter 

In particular, the present invention relates to an intravascular 2$ near the distal end of the shaft portion, the guide wire cannot 

catheter, such as a dilatation balloon catheter, of the type contribute to the pushability of the majority of the shaft 

which is advanced over a guide wire having a distal guide portion. Thus, the proximal shaft portion of such catheters 

wire lumen which is shorter than the length of the catheter has low column strength. With such a configuration, the 

and which extends through the balloon of the catheter. catheter shaft and the portion of the guide wire which 

Angioplasty procedures have gained wide acceptance in 30 extends outside of the guide wire lumen will tend to separate 

recent years as efficient and effective methods for treating toward opposite walls of the artery as the catheter is 

types of vascular disease. In particular, angioplasty is widely advanced or retracted. That is, the shafts and guide wire tend 

used for opening stenoses in the coronary arteries, although to "scissor" and bow, buckle and the shaft may even kink 

it is also used for the treatment of stenoses in other parts of when the balloon is advanced or retracted across a lesion, 

the vascular system. 35 scissoring or bowing may lead to abrasions to the inner 

Hie most widely used form of angioplasty makes use of hnin g of the ^ scissoring or bowing also leads to 

a dilatation catheter which has an inflatable balloon at its P°° r pushability and trackabihty of the catheter. To coun- 

distal end. Typically, in coronary procedures a hollow guide teract deficiency some known designs have extended 

catheter is used in guiding the dilatation catheter through the length of the guide wire lumen and/or provided addi- 

vascular system to a position near the stenosis (e.g., to the 40 U0Dal stiffener elements in the shaft, 

coronary artery ostia). Using fluoroscopy, the physician In one recently developed design, a large part of the 

guides the dilatation catheter the remaining distance through proximal catheter shaft is made of a metallic tube 

the vascular system until a balloon is positioned to cross the (commonly referred to as a hypotube). As described in more 

stenosis. The balloon is then inflated by supplying fluid detail below, the hypotube construction provides the desired 

under pressure, through an inflation lumen in the catheter, to 45 pushability and yet may have a relatively small outer diam- 

the balloon. The inflation of the balloon causes a widening eter or profile. 

of the lumen of the artery to reestablish acceptable blood In catheters of this hypotube design, the inlet for the guide 

flow through the artery. In procedures in the peripheral wire lumen is usually placed near or adjacent to the distal 

vessels (vessels other than coronary vessels) the guide end of the hypotube. (The "inlet" to the guide wire lumen 

catheter may not always be used. 50 here refers to the proximal guide wire lumen aperture and 

Preferably a catheter will have several physical charac- the "outlet" to the guide wire lumen refers to the distal guide 

teristics. First, there has been a continuing effort to reduce wire lumen aperture.) This location of the guide wire inlet, 

the profile and shaft size of the dilatation catheter so that the however, may not always be at a location which is the most 

catheter not only can reach but also can cross a very tight desirable. If the guide wire inlet is placed adjacent the distal 

stenosis. Portions of dilatation catheter must also be suffi- 55 end of the hypotube, either the flexible plastic shaft segment 

ciently flexible to pass through tight curvatures especially in will be short or the guide wire lumen will be relatively long, 

the coronary arteries. The ability of a catheter to bend and On the other hand, placing the guide wire lumen inlet 

advance through the vasculature is commonly referenced to distally of the distal end of the hypotube (in the plastic shaft 

as the "trackability of the catheter." A further requirement of segment) has several disadvantages with presently available 

a dilatation catheter is its "pushability." This involves the 60 designs. The hypotube is relatively stiff and the plastic 

transmission of longitudinal forces along the catheter from segment is relatively flexible. The part of the plastic shaft 

its proximal end to its distal end so that a physician can push segment through which the guide wire runs will also be 

the catheter through the vascular system and the stenoses. relatively stiff when the guide wire is in place (compared to 

The catheter should be both relatively trackable and push- the part of the plastic segment through which the guide wire 

able. 65 does not run). Thus, if the guide wire inlet is placed distally 

Two commonly used types of dilatation catheters are of the distal end of the hypotube, a relatively flexible section 

referred to as "over-the-wire" catheters and "non-over-the- is defined between two relatively stiff sections. Such a 
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configuration will tend to bend or buckle in the relatively 
flexible area as an attempt is made to advance the catheter 
through the vasculature. Therefore, the responsiveness of the 
catheter will be substantially diminished. Further, the cath- 
eter might tend to kink at the section between the two 
relatively stiff sections. Such kinking would tend to close the 
inflation lumen — an obviously undesirable event. 

Therefore, it is an object of the present invention to 
provide an over-the-wire catheter of the short guide wire 
lumen type having improved pushability and trackability. 

SUMMARY OF THE INVENTION 

The present invention is an intravascular catheter which 
may be guided over a guide wire, such as a dilation balloon 
catheter, having a relatively stiff proximal shaft section and 
a relatively flexible distal shaft section. The guide wire 
lumen extends from a distal end of the catheter through a 
balloon of the catheter and exits the catheter at a point 
proximal of the balloon. The distal shaft section is 
reinforced, by a transition member, in a manner that pro- 
vides a relatively flexible distal end and yet prevents closure 
or kinking in the flexible part of the catheter. The transition 
member permits the inlet to the guide wire lumen to be 
placed distally of the end of the relatively stiff catheter shaft, 
that is, in the more flexible section. 

In one embodiment of the present invention, the catheter 
is a balloon dilatation catheter which includes a proximal 
shaft section defined by a thin-walled, high strength metallic 
tube. A distal shaft section is attached to the distal end of the 
metallic tube. The balloon is attached to the distal end of the 
distal shaft section. An inflation lumen is defined through the 
metallic shaft section and the distal shaft section. Inflation 
pressure is provided to the balloon through the inflation 
lumen. A lumen which receives a guide wire extends at least 
the length of the balloon. The guide wire lumen inlet is 
disposed distally of the distal end of the metallic tube. The 
distal shaft section includes a transition member which gives 
the distal shaft section axial rigidity. 

The transition member advantageously permits placement 
of the proximal guide wire lumen opening near the proximal 
end of the balloon while optimizing pushability/trackability 
in the flexible distal shaft section. The transition member 
also prevents kinking of the inflation lumen which may 
occur due to the abrupt change from the relatively stiff 
metallic tube to the relatively flexible distal shaft section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional side elevational view of a preferred 
embodiment of a balloon dilatation catheter of the present 
invention having a distal guide wire lumen therethrough and 
showing a guide wire. 

FIG. 2 is a sectional side elevational view of the proximal 
end of the balloon dilatation catheter of FIG. 1. 

FIG. 3 is an enlarged sectional side elevational view of the 
distal end of the balloon dilatation catheter of FIG. 1. 

FIG. 4 is an enlarged sectional view as taken along line 
4-4 in FIG. 2. 

FIG. 5 is an enlarged sectional side elevational view of a 
portion of the balloon dilatation catheter of the FIG. 1. 

FIG. 6 is a side view of a preferred embodiment of the 
transition member of the present invention. 

FIG. 7 is a sectional view as taken along line 7 — 7 in FIG. 

6. 

Although the above-identified figures set forth one 
embodiment of the invention, other embodiments are also 
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contemplated. This disclosure presents an illustrated 
embodiment of the present invention by way of representa- 
tion and not limitation. It should be understood that numer- 
ous modifications and embodiments can be devised by those 
5 skilled in the art which will fall within the scope and spirit 
of the principles of this invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

1 ° Overall Catheter Structure 

A balloon dilatation catheter 20 covering one embodiment 
of the present invention is illustrated generally in FIG. 1. 
Although the following description of the invention is 

15 directed to a balloon dilation catheter, it will be appreciated 
by those skilled in the art that the invention may be used on 
other interventional catheters with vascular interoperative 
devices, such as atherectomy devices, ultrasonic imaging 
and therapeutic catheters, laser catheters, stent delivery 

20 catheters, and perfusion catheters. 

In the embodiment of FIG. 1, the catheter 20 has a 
proximal main shaft section 22, a distal shaft section 24 and 
a balloon 26. The main shaft section 22 has a proximal end 
28 and a distal end 30, Likewise, the distal shaft section 24 

25 has a proximal end 32 and a distal end 34. The balloon 26 
has a proximal neck or waist 36, an intermediate expandable 
section 38 and a distal neck or waist 40. 

As illustrated io FIG. 1, the distal end 30 of the main shaft 

3Q section 22 is connected to the proximal end 32 of the distal 
shaft section 24, and the distal end 34 of the distal shaft 
section 24 is connected to the proximal neck 36 of the 
balloon 26. In use, the catheter 20 is coupled to an inflation 
device (not shown) by a manifold 42, such as a luer 

35 manifold. The manifold 42 is connected to the proximal end 
28 of the main shaft section 22. The inflation device provides 
or removes inflation solution from the catheter 20 to select - 
ably inflate or deflate the intermediate expandable segment 
38 of the balloon 26 (in FIG. 1, expandable segment 38 is 

4Q shown in its inflated configuration). 

The catheter 20 of the present invention is designed for 
use in combination with a catheter guide element such as a 
guide wire 50. In use in a coronary application, both the 
guide wire 50 and the catheter 20 are fed through and guided 

45 to an arterial lesion by means of a tubular guide catheter (not 
shown). Both the catheter 20 and the guide wire 50 are 
longer than the guide catheter, with a typical catheter length 
of approximately 135 cm and a typical guide wire length of 
approximately 175 cm. As illustrated in FIG. 1, the guide 

50 wire 50 extends longitudinally along the exterior of the main 
shaft section 22 and the distal shaft section 24 of the catheter 
20. 

Adjacent the distal end 34 of the distal shaft section 24, 
the guide wire 50 enters a lumen 52 in the catheter 20 

55 through a first proximal aperture or inlet 55 at the proximal 
neck 36 of the balloon 26. The lumen 52 extends distally 
through the balloon until it exits the balloon 26 through a 
second distal aperture or outlet 94 at the distal neck section 
40. As seen in FIG. 2, the guide wire lumen 52 provided 

60 through the balloon section 26 is relatively short compared 
to the overall length of the catheter 20. The guide wire 50 is 
only entrained in the catheter 20 through this guide wire 
lumen 52. 

In this embodiment, the guide wire lumen 52 is appro xi- 
65 mately equal to the length of the balloon 26, although it is 
contemplated that the lumen 52 may be longer. For example, 
the guide wire inlet 22 may be positioned more proximally 
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in the distal shaft section 24. It is believed that the guide wire physician regarding the passage of the catheter to and 

inlet 22 may be placed about 5 cm distally of the distal end through the lesions. The catheter is, thus, extremely respon- 

of the main shaft section 22 and still having improved sive to a doctor's controlling movement of the catheter from 

performance characteristics over presently available cath- its proximal end, while at the same time having a relatively 

eters. 5 small profile and enhancing catheter visualization via fluo- 

The guide wire 50 has a proximal end 53 and a distal end roscopy. 

54 and is of a typical structure for guiding angioplasty It will be recognized by those skilled in the art that other 

catheters. At its distal end 54, the guide wire 50 preferably relatively stiff materials may be used for the main catheter 

has a coil and rounded tip structure which is bendable for shaft section 22. For example, a braided polyimide or other 

steerability of the guide wire. *0 relatively rigid composite material may be used. 

Referring now to FIG. 2, which shows the distal end of the 
catheter 20 in greater detail, it is seen that the proximal end 

28 of the main shaft section 22 has a strain relief tube 60 The distal shaft section 24 extends distally from the main 

disposed between the luer manifold 42 and main shaft shaft section 22 to the balloon neck 36. The distal shaft 

section 22. The strain relief tube 60 is larger than the main 15 section 24 includes a tubular shaft 23 a nd a transition 

shaft section 22, and thus provides a step-wise strain relief me mber 25 . The tubular shaft 23 is more flexible than th e 

function between the relatively inflexible luer manifold 42 pam sh^t section 22. In an exemplary embodiment, the 

and the more flexible main shaft section 22. The main shaft tubular shaft 23 is a thermoplastic, such as high density 

section 22, strain relief tube 60 and luer manifold 42 are polyethylene (HDPE). Such a tubular section may be formed 

secured together respectively by suitable adhesive bonding 20 by extrusion with thermal mechanical drawing to form the 

means such as LOCTITE 405 available from Loctite Corp. necked section. The interior of the tubular shaft 23 is also 

(Newington, Conn.) OR UV MASTERBOND 4000 avail- substantially hollow and defines an inflation lumen 82 

able from Masterbond (Hackensack, NJ.), or a uretbane extending from the proximal end 32 to the distal end 34. 

such as Prototype No. TL-03341 available from H.B. Fuller HDPE is preferred since it is relatively lubricous. The 

(St. Paul, Minn, and Tracon BA 2135D, available from 25 lubricity may be further enhanced by coating the outer 

Tracon (Medford, Mass.). surface of the shaft and/or the inner surface of the guide wire 

In an exemplary embodiment, the total workable length of lumen with silicone, 

the catheter 20 is approximately 135 cm. The preferred Thf prn VTrn;>1 RnH 3 2 of *he distal shaft 23 extends over 

workable length of the main shaft 22 is approximately 106 ^ t he distal end 30 of the main shaft section 22 and is attache d 

cm. (the total length of the main shaft 22 is 112 cm. thereto by a suitable bond such as a cyanoacrylate adhesive, 

including the part which typically is in the manifold 42). As best seen in FIG. 3, the inflation lumen 62 of the main 

Referring now to FIG. 4, the tubular shaft 23 of distal tube section 22 is connected with the inflation lumen 82 of 

shaft section 24 is tapered from a relatively larger proximal the distal shaft section 24. The tubular shaft 23 of the distal 

end 32 to a smaller distal end 34. The length of the balloon 35 shaft section 24 is bonded at its distal end to the neck 36 of 

26 may be approximately between 20-50 mm. The length of the balloon member 26 at bonding region 74. The tubular 

the guide wire lumen 52 is preferably in the range from 3.5 shaft 23 may be bonded to the balloon 26 by means of 

to 7 cm. ure thane adhesive such as No. UR3507 available from H.B. 

Fuller (St. Paul, Minn.). 

The Main Shaft Section ^ ^ distal ^ 24 ^ tapered dislally from its relative i y 

The proximal rrrh c haft section 22 is a R elatively-stiff larger proximal end 32 to its thinner distal end 34. In an 

tubular shaft . Preferably, the main shaft section 22 is formed exemplary embodiment, the larger proximal end 32 of the 

as a thin-walled, high strength stainless steel tube structure, shaft section 23 is approximately 2 cm long (measured from 

which is commonly referred to as hypodermic tubing or the end of the distal end of the main shaft segment 22 to the 

hypotube. A suitable hypotube has a nominal O.D. of 45 taper) and has a nominal O.D. of approximately 0.031 in. 

approximately 0.023 in. and a nominal I.D. of approximately and a nominal I.D. of approximately 0.026 in. The smaller 

0.017 in. The main shaft section 22 is provided with a distal end 24 is approximately 30 cm. long (measured from 

lubricous coating (such as polytetrafluoroethylene) to reduce the taper to the proximal end of balloon neck 36) and has a 

frictional resistance. A suitable coating thickness is about nominal O.D. of approximately 0.026 in. and a nominal I.D. 

0.0005 in. As a tubular structure, the interior of the main 50 of approximately 0.021 in. 

shaft section 22 is substantially hollow, and thus defines an An aperture defined by a crimp 68 in the tubular shaft 23 

inflation lumen 62 extending from the proximal end 28 to the is provided at the distal end 34 of the distal shaft section 24. 

distal end 30. The inflation lumen 62 provides a path through The crimp 68 defines the guide wire inlet 55 for the catheter 

which inflation fluid is provided to and from the balloon 26. 20. The crimp 68 extends from its proximal origin adjacent 

The thin- walled metallic tube structure of the main shaft 55 the balloon neck 36 to its greatest lateral depth in the 
section 22 is stiff enough to provide the desired pushability bonding region 74. The crimp 68, as further illustrated in 
yet allows for a relatively small profile shaft at the proximal FIG. 3, does not seal off or close the inflation lumen 82, but 
end of the catheter. The inherent high strength nature of the transforms the inflation lumen 82 from a circular cross- 
metallic tube also allows it to withstand the fluid pressure section to a relatively crescent shape cross-section. It will be 
necessary for proper catheter operation. 60 recognized by those skilled in the-art that other configura- 

The high column strength and thickness of a hypotube tions for the guide wire inlet are possible, 

shaft also gives the catheter improved responsiveness. That One preferred method of making the crimp 68 in the 

is, the balloon and the distal regions of the catheter move tubing for the plastic (preferably HDPE) distal shaft section 

more definitely (in a 1:1 relationship) with motions imparted 24 uses a forming blade and die arrangement. The forming 

at the catheters proximal end by a physician to actually 65 blade has a crescent-shaped tip which is used to form the 

"sense" the pathway as the catheter is tracked. This crescent-shaped crimp 68. The tubing is first loaded into the 

improved responsiveness gives valuable information to the die which snugly envelopes most of the tube except for an 
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opening for the blade. The tubular shaft is then pressurized, 
for example to 120 p.s.i. The blade is then forced onto the 
tubing to cold form the HDPE. The blade and die assembly 
is then dipped in a heated water bath, for example at 90° C. 
for about three minutes. The assembly is then removed and 
dipped in cooler water, for example water at room tempera- 
ture or cooler for about 1 minute. The tubing is then removed 
from the assembly and trimmed to the desired length. 

The transition member provides two related functions. 
First, it provides axial or column strength to the distal shaf t 
s ection_ 24. Se cond, it prevents kinking of the distal sha ft 
s ection 24 . As discussed above, the hypotube section 22 is 
relatively stiff and the distal shaft section 23 is relatively 
flexible. Further, with the guide wire 50 in the guide wire 
lumen 52, relatively stiff sections are defined at both ends of 
the distal shaft section 24. Without the transition member 25, 
such a configuration will tend to bend or buckle in the 
relatively flexible area as an attempt is made to advance the 
catheter 20 through the vasculature. The responsiveness of 
the catheter would thus be substantially diminished. Further, 
the catheter 20 might tend to kink at the transition section. 

T he trans ition or s train relief member 25 is a structural 
raemES 5ESZB tnggSses *k» <;tiffnf^s o f the distal shaft 
s ection 2<\, The transition member 25 is less stiff (or has less 
axial strength) than the hypotube of the main shaft section 22 
but is more stiff than the distal shaft 23. The transition 
member, however, is configured to be more trackable than 
the main shaft section 22. Thus, the pushability of the distal 
shaft section 24 will preferably be more pushable than the 
distal shaft 23 and yet be more trackable than the main shaft 
section 22. 

In the preferred embodiment, the transition member 25 
Comprises a solid core wire wfr jt^ i.^ attain af prrjxjmal 

e nd to the hyppflihp 1 1 by brazing or other suitable means 
and to the guide wire lumen 52 and marker band 96 at its 
distal end by adhesive bonding or other suitable means. In 
one preferred method for bonding the core wire 25 to the 
guide wire lumen 52 and marker band 96, the wire is 
suspended by means of a magnetic field such that it is 
centered in on the bottom side of the outer surface of the 
guide wire lumen 25. The magnetic field is such that the core 
wire is at equilibrium when it is centered. Once the core wire 
is positioned and aligned with the marker band 96, the bond 
is made. 

The core wire 25 preferably provides varying flexibility 45 
along its length such that its flexibility increases in the distal 
direction. As illustrated best in FIG. 6 (not shown to scale), 
this may be accomplished by having a core wire with one or 
more ground tapers. In an exemplary embodiment, the core 
wire 25 is made of V304 stainless steel and manufactured by 
centerless grinding. The core wire 25 preferably has four 
main sections, 25A, 25B, 25C and 25D and a distal bonding 
section 25E. The core wire 15 is preferably stress relieved by 
exposing the wires before grinding to a temperature in a 
range of from 500° F. to 800° F. for a time period from about 
30 min. to about 6 hours, and preferably at 750° F. for about 
5 hours including ramp-up time. The first proximal section 
25 A is approximately 1.25 in. long and has a diameter of 
approximately 0.012 in. The second middle section 25B is 
approximately 4 in. long and has a diameter of about 0.0095 
in. The third section 25C is approximately 4.6 in. long and 
has a diameter of about 0.0070. The fourth section 25E is 
preferably approximately 0.125 in. long and has a diameter 
of approximately 0.0030 in. The fourth section 25E of the 
core wire 25 provides a smooth transition from the stiffness 
of the core wire to the stiffness of the combination of the 
balloon 26 and guide wire 50. As illustrated in FIG. 7, the 



most distal section 25E is flattened to facilitate bonding. The 
preferred dimensions for Dl and D2 are 0.0014 in. and 
0.0040 in., respectively and the preferred length is about 
0.051 in. 

In this embodiment, the length of the distal shaft section 
24 (from the end of the hypotube 22 to approximately the 
guide wire lumen opening) is about 29 cm. It will be 
recognized that this length may vary depending on the other 
dimensions of the catheter as well as the intended use. For 
example, the length of the distal shaft section 24 is prefer- 
ably in a range from about 25 cm to about 40 cm. It will be 
appreciated that the dimensions and configurations of the 
core wire 25 will vary depending on the length of the distal 
shaft section 24. 
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Catheter Balloon 

The balloon 26 extends distally from the distal shaft 
section 24 and is bonded thereto adjacent the bonding region 
74. A suitable balloon material is a polyolefin which has 
been treated by radiation cross linking. The balloon 26 may 
also be silicone coated. A suitable polyolefin is available 
from E. I. DuPont Nemours & Co. (Wilmington, Del.) under 
the tradename SURYLYN® Ionomer. 

The balloon 26 includes the guide wire lumen 52 extend- 
ing through its entire length. The guide wire lumen 52 is 
preferably formed from thin-walled high density polyethyl- 
ene. In an exemplary embodiment, the tube for the guide 
wire lumen is approximately 3.5 cm. long and has a nominal 
O.D. of approximately 0.021 in. and a nominal I.D. of 
approximately 0.016 in. 

The distal open end 94 of the guide wire lumen 52 
provides an outlet at the distal neck portion 40 of the balloon 
26, and the. proximal open end 55 of the guide wire lumen 
provides an inlet at the proximal neck portion 36 of the 
balloon 26. The guide wire lumen 52 is bonded to the 
balloon, 26 at the distal neck 40 and the proximal neck 36. 
A suitable bonding material for bonding the guide wire 
lumen 52 to the balloon section 26 is urethane adhesive, 
such as a urethane available as No. UR3507 available from 
H. B. Fuller (St. Paul, Minn.). 

At least one band marker 96 is provided about the guide 
wire lumen (preferably centered within the expandable 
segment 38 of the distal balloon section 26) to aid in 
determining the position of the catheter 20 via fluoroscopy 
during an angioplasty procedure. 

The distal end 34 of the shaft 23 of the transition section 
24 is also bonded by a urethane, such as No. UR3507 
available from H. B. Fuller (St. Paul, Minn.) to the opening 
of the proximal neck portion 36 in an area immediately 
adjacent to the guide wire lumen 52. The distal end 34 and 
the guide wire lumen 52 are bonded to the proximal neck 36 
in such a manner that the inflation lumen 82 of the distal 
shaft section 24 is in fluid communication with the interior 
106 of the balloon 26, while at the same time, the interior of 
the balloon 26 is sealed off from the atmosphere. As illus- 
trated best in FIG. 3, the guide wire lumen 52 is thus affixed 
to the proximal neck 36 in an "off axis" alignment. 

Preferably, some of the plastic parts of the catheter are 
plasma treated to increase their bonding characteristics. For 
example, the outer surface of the guide wire tube, the HDPE 
distal shaft, the manifold, and the strain relief between the 
manifold and hypotube may be plasma treated using helium 
or oxygen plasma treating techniques. 
65 / The present invention is described above with reference to 
k dilatation balloon as the means for reducing the stenosis. 
/Other stenosis reducing mechanisms may also be used. For 
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example, the device for reducing or ablating the stenosis 
may be an atherectomy-type cutter, a laser device, a water jet 
device and sonic or ultrasonic therapeutic devices. The 
present invention may also be used with other interoperative 
devices such as drug delivery devices, ultrasonic imaging 
^devices, and perfusion devices. 

Conclusion 

The transition member, such as core wire 25, (particularly 
one with a tapered design) allows the proximal guide wire 
opening 55 to be placed near the proximal neck 36 of the 
balloon 26. In the present embodiment, the guide wire lumen 
52 extends only through the balloon 26, and thus the length 
of the guide wire lumen 52 is approximately equal to the 
length of the balloon 26 (preferably about three centimeters). 

The core wire 25 creates an intermediate stiffener element 
between the relatively stiff main shaft section 22 and the 
relatively flexible tubular shaft 23 of distal shaft section 24 
to optimize tracking and pushing. 

The balloon dilatation catheter of the present invention is 
an over-the-wire catheter structure with a distal guide wire 
lumen which optimizes the performance of such a catheter 
in a way not previously considered or achieved. The use of 
a bypotube-type main shaft for the catheter allows the 
attainment of a high strength, pushable shaft having thin 
walls and small diameter. 

The reinforcing and kink-resistant tapered core wire 
allows the proximal guide wire lumen inlet to be placed 
distally from the end of the main shaft section and near the 30 
proximal end of the balloon. The core wire also provides a 
more gradual transition between the relatively stiff main 
catheter shaft and the relatively flexible distal section of the 
catheter shaft. The distal shaft section 24 has good push- 
ability while still being very trackable. 

Although the present invention has been described with 
reference to preferred embodiments, workers skilled in the 
art will recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
invention. 

We claim: 

1. A balloon catheter, comprising: 

a tubular shaft having a proximal end and a distal end, the 
shaft including a proximal portion and a more flexible 
portion, and an inflation lumen extending therethrough; 
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a balloon being connected to the distal end of the shaft; 
and 

a guidewire tube extending through the balloon and 
having a proximal end and a distal end, the proximal 
end of the guidewire tube being disposed proximate the 
distal end and external the distal end of the shaft, 
wherein the distal end of the shaft surrounds at least in 
part the proximal end of the guidewire tube such that 
the inflation lumen at least in part surrounds the proxi- 
mal end of the guidewire tube; 

wherein the distal end of the shaft defines a generally 
crescent shaped inflation lumen which at least in part 
surrounds the proximal end of the guidewire tube; and 

a strain relief member extending from the proximal por- 
tion of the shaft to the more flexible distal portion of the 
shaft, the strain relief member being fixedly connected 
to the shaft; 

wherein the strain relief member includes an elongate 
core wire extending distally to the balloon. 

2. The catheter in accordance with claim 1, wherein the 
elongate core wire is connected to the guidewire tube. 

3. A balloon catheter, comprising: 

a tubular shaft having a proximal end and a distal end, the 
shaft including a proximal portion and a more flexible 
portion, and an inflation lumen extending therethrough; 

a balloon being connected to the distal end of the shaft; 
and 

a guidewire tube extending through the balloon and 
having a proximal end and a distal end, the proximal 
end of the guidewire tube being disposed proximate the 
distal end and external the distal end of the shaft, 
wherein the distal end of the shaft surrounds at least in 
part the proximal end of the guidewire tube such that 
the inflation lumen at least in part surrounds the proxi- 
mal end of the guidewire tube; and 

an elongate core wire disposed in the inflation lumen and 
extending distally to the balloon, the core wire being 
fixedly connected to the shaft. 

4. The catheter in accordance with claim 3, wherein the 
elongate core wire is in contact with at least one side of the 
inflation lumen where the distal end of the shaft at least in 
part surrounds the guidewire tube. 
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